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Abstract 
     The aim of this study was to determine the prevalence of  Clostridium 
perfringens and C. perfringens like organisms in domestic ruminants, 
equines and chicken to prevent the confusion between these organisms in 
isolation of C. perfringens which is known as a potential pathogen in 
animals and man.                             
     In this study, two hundred and ten faecal samples were collected from 
seven animal species (cattle, sheep, goats, camels, horses, donkeys and 
chicken. Thirty samples were taken from each species. The faecal samples 
were cultured into cooked meat medium and then subcultured on blood agar 
under anaerobic condition. Pure colonies were subjected to specific 
biochemical tests, lecithinase production as well as synergistic hemolysis. 
     Out of the 210 faecal samples, 130 isolates of C. perfringens and C. 
perfringens-like organisms were made. Clostridium perfringens constituted 
38.5% of them i.e. 50 isolates, with a prevalence rate of 23.8% in the 
animals tested. Eighty isolates (61.5%) were C. perfringens-like organisms 
which included C. sardiniensis, C. absonum, C. beijerinckii, C. celatum and 
C. barati, with prevalence rates of 27.6%, 4.8%, 3.3%, 1.9% and 0.5%, 
respectively. Chicken gave the greatest number of C. perfringens followed 
by donkeys and then camels, while greatest number of C. perfringens- like 
organism were from camels and then donkeys. Clostridium beijerinckii was 
isolated mainly from cattle.  Clostridium absonum was isolated mainly from 
camels and donkeys. Clostridium barati  was isolated only once from goats. 
Clostridium  sardiniensis was prevailing in all animals with highest 
prevalence in camels. Clostridium celatum (indolis) was of lowest 
prevalence and isolated once from goats, camels, donkeys and chicken. 
x 
 
     To conclude, C. perfringens and C. perfringens-like organisms 
were detected in all animal species examined with varying 
incidences and this reflects the important consideration of C. 
perfringens-like organisms in isolation of C. perfringens.              
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 اﻟﻤﻠﺨﺺ 
ﻄﺜﻴﺔ اﻟﺤﺎﻃﻤﺔ ﻓﻲ اﻟﻬﺪف ﻣﻦ هﺬﻩ اﻟﺪراﺳﺔ هﻮ ﺗﺤﺪﻳﺪ ﻣﻌﺪل اﻧﺘﺸﺎر اﻟﻤﻄﺜﻴﺔ اﻟﺤﺎﻃﻤﺔ وﺷﺒﻴﻬﺎت اﻟﻤ     
اﻟﻤﺠﺘﺮات اﻷﻟﻴﻔﺔ، اﻟﻔﺼﻴﻠﺔ اﻟﺨﻴﻠﻴﺔ واﻟﺪﺟﺎج، وذﻟﻚ ﻣﻨﻌﺎ ﻟﻠﺨﻠﻂ ﺑﻴﻨﻬﻤﺎ ﻋﻨﺪ ﻋﺰل اﻟﻤﻄﺜﻴﺔ اﻟﺤﺎﻃﻤﺔ 
  .  واﻟﻤﻌﺮوﻓﺔ ﺑﺨﻄﻮرﺗﻬﺎ وأﺛﺮهﺎ ﻋﻠﻰ ﺻﺤﺔ اﻟﺤﻴﻮان واﻹﻧﺴﺎن
أﺑﻘﺎر، ) ﻓﻲ هﺬﻩ اﻟﺪراﺳﺔ ﺗﻢ ﺟﻤﻊ ﻋﺸﺮة وﻣﺌﺘﺎ ﻋﻴﻨﺔ ﻣﻦ ﺑﺮاز ﺳﺒﻌﺔ أﻧﻮاع ﻣﻦ اﻟﺤﻴﻮاﻧﺎت اﻟﺪاﺟﻨﺔ     
زرﻋﺖ ﻋﻴﻨﺎت . وﻗﺪ أﺧﺬت ﺛﻼﺛﻮن ﻋﻴﻨﺔ ﻣﻦ آﻞ ﻧﻮع ( ﻣﺎﻋﺰ، إﺑﻞ، ﺧﻴﻮل، ﺣﻤﻴﺮ و دﺟﺎجﺿﺄن، 
اﻟﺒﺮاز ﻓﻲ وﺳﻂ اﻟﻠﺤﻢ اﻟﻤﻄﺒﻮخ ﺛﻢ ﺗﻢ اﻟﺘﺰرﻳﻊ ﻣﻦ وﺳﻂ اﻟﻠﺤﻢ اﻟﻤﻄﺒﻮخ ﻓﻲ أﺟﺎر اﻟﺪم وﺗﻢ اﻟﺘﺤﻀﻴﻦ 
اﻟﻤﺴﺘﻌﻤﺮات اﻟﻨﻘﻴﺔ أﺧﻀﻌﺖ ﻹﺧﺘﺒﺎرات آﻴﻤﻮﺣﻴﻮﻳﺔ ﻣﺤﺪدة، وإﺧﺘﺒﺎرإﻧﺘﺎج . ﺗﺤﺖ ﻇﺮوف ﻻهﻮاﺋﻴﺔ
  .ﺎﻹﺿﺎﻓﺔ إﻟﻰ إﺧﺘﺒﺎر اﻟﺘﺤﻠﻞ اﻟﺘﺂزرياﻟﻠﻴﺴﻴﺜﻴﻦ ﺑ
ﺗﻢ ﻋﺰل اﻟﻤﻄﺜﻴﺔ اﻟﺤﺎﻃﻤﺔ وﺷﺒﻴﻬﺎت اﻟﻤﻄﺜﻴﺔ اﻟﺤﺎﻃﻤﺔ ﻣﻦ ﺛﻼﺛﻴﻦ وﻣﺎﺋﺔ ﻋﻴﻨﺔ ﺑﺮازﻣﻦ أﺻﻞ ﻋﺸﺮة      
آﺎﻧﺖ ﻋﺒﺎرة ﻋﻦ اﻟﻤﻄﺜﻴﺔ اﻟﺤﺎﻃﻤﺔ ﺑﻤﻌﺪل %( 5.83) وﻣﺎﺋﺘﻲ ﻋﻴﻨﺔ ﺑﺮاز، ﺧﻤﺴﻮن ﻋﻴﻨﺔ 
آﺎﻧﺖ ﻋﺒﺎرة ﻋﻦ ﺷﺒﻴﻬﺎت  %(5.16)ﺛﻤﺎﻧﻮن ﻋﻴﻨﺔ . ﻣﻦ اﻟﺤﻴﻮاﻧﺎت ﺗﺤﺖ اﻻﺧﺘﺒﺎر% 8.32اﻧﺘﺸﺎر
اﻟﻤﻄﺜﻴﺔ اﻟﺤﺎﻃﻤﺔ واﻟﺘﻲ ﺗﻀﻢ اﻟﻤﻄﺜﻴﺔ اﻟﺴﺎردﻧﻴﻨﺴﻴﺔ، اﻟﻤﻄﺜﻴﺔ اﻷﺑﺴﻮﻧﻤﻴﺔ، اﻟﻤﻄﺜﻴﺔ اﻟﺒﻴﺠﺮﻧﺴﻜﻴﺔ، 
ﻰ ﻋﻠ% 5.0و% 9.1، %3.3، %8.4، %6.72اﻟﻤﻄﺜﻴﺔ اﻟﺴﻴﻼﺗﻤﻴﺔ واﻟﻤﻄﺜﻴﺔ اﻟﺒﺎراﺗﻴﺔ ﺑﻤﻌﺪل اﻧﺘﺸﺎر
أﻋﻠﻰ ﻧﺴﺒﺔ ﻣﻦ اﻟﻤﻄﺜﻴﺔ اﻟﺤﺎﻃﻤﺔ ﺳﺠﻠﺖ ﻓﻲ ﻋﻴﻨﺎت اﻟﺪﺟﺎج ﻳﺘﺒﻌﻬﺎ اﻟﺤﻤﻴﺮ ﺛﻢ اﻹﺑﻞ، ﺑﻴﻨﻤﺎ آﺎﻧﺖ . اﻟﺘﻮاﻟﻲ
ﻋﺰﻟﺖ اﻟﻤﻄﺜﻴﺔ اﻟﺒﻴﺠﺮﻧﺴﻜﻴﺔ ﺑﺄﻋﺪاد . أﻋﻠﻰ ﻧﺴﺒﺔ ﻣﻦ ﺷﺒﻴﻬﺎت اﻟﻤﻄﺜﻴﺔ اﻟﺤﺎﻃﻤﺔ ﻓﻲ اﻟﺤﻤﻴﺮ ﺛﻢ اﻹﺑﻞ
آﺜﺮ ﻣﻦ ﻏﻴﺮهﺎ ﻣﻦ آﺒﻴﺮة ﻣﻦ اﻷﺑﻘﺎر، آﻤﺎ ﻋﺰﻟﺖ اﻟﻤﻄﺜﻴﺔ اﻷﺑﺴﻮﻧﻤﻴﺔ  ﻣﻦ آﻞ ﻣﻦ اﻹﺑﻞ و اﻟﺤﻤﻴﺮ أ
ﻋﺰﻟﺖ اﻟﻤﻄﺜﻴﺔ اﻟﺒﺎراﺗﻴﺔ ﻣﺮة واﺣﺪة ﻓﻘﻂ وﻗﺪ آﺎﻧﺖ ﻣﻦ اﻟﻤﺎﻋﺰ، آﻤﺎ ﻋﺰﻟﺖ اﻟﻤﻄﺜﻴﺔ . اﻟﺤﻴﻮاﻧﺎت
اﻟﻤﻄﺜﻴﺔ . اﻟﺴﺎردﻧﻴﻨﺴﻴﺔ ﻣﻦ آﻞ اﻟﺤﻴﻮاﻧﺎت ﺗﺤﺖ اﻹﺧﺘﺒﺎروﻗﺪ آﺎن أﻋﻠﻰ ﻣﻌﺪل اﻧﺘﺸﺎر ﻓﻲ اﻹﺑﻞ
  .اﻟﺪﺟﺎج ﺑﻞ، اﻟﺤﻤﻴﺮ واﻟﺴﻴﻼﺗﻤﻴﺔ ﺳﺠﻠﺖ أﻗﻞ ﻣﻌﺪل اﻧﺘﺸﺎر ﻓﻘﺪ ﻋﺰل ﻣﻨﻬﺎ واﺣﺪة ﻣﻦ آﻞ ﻣﻦ اﻟﻤﺎﻋﺰ، اﻹ
ﻓѧѧѧﻲ اﻟﺨﺘѧѧѧѧﺎم ﻓѧѧѧѧﺈن اﻟﻤﻄﺜﻴѧѧѧﺔ اﻟﺤﺎﻃﻤѧѧѧѧﺔ وﺷѧѧѧѧﺒﻴﻬﺎت اﻟﻤﻄﺜﻴѧѧѧѧﺔ اﻟﺤﺎﻃﻤѧѧѧѧﺔ وﺟѧѧѧﺪت ﻓѧѧѧѧﻲ ﺟﻤﻴѧѧѧѧﻊ أﻧѧѧѧѧﻮاع      
اﻟﺤﻴﻮاﻧѧѧﺎت اﻟﺘѧѧﻲ ﺗѧѧﻢ إﺧﺘﺒﺎرهѧѧﺎ ﻣѧѧﻊ اﺧѧѧﺘﻼف ﻓѧѧﻲ ﻣﻌѧѧﺪل اﻧﺘﺸѧѧﺎرهﺎ ﻓѧѧﻲ هѧѧﺬﻩ اﻟﺤﻴﻮاﻧѧѧﺎت، وهѧѧﺬا ﻳﻌﻜѧѧﺲ 
             .        اﻟﺤﺎﻃﻤѧѧѧѧѧѧѧﺔ ﻴѧѧѧѧѧѧѧﺔ اﻟﺤﺎﻃﻤѧѧѧѧѧѧѧﺔ ﺑﺎﻟﻨﺴѧѧѧѧѧѧѧﺒﺔ ﻟﻌѧѧѧѧѧѧѧﺰل اﻟﻤﻄﺜﻴѧѧѧѧѧѧѧﺔ أهﻤﻴѧѧѧѧѧѧѧﺔ اﻟﺒﺤѧѧѧѧѧѧѧﺚ ﻓѧѧѧѧѧѧѧﻲ ﺷѧѧѧѧѧѧѧﺒﻴﻬﺎت اﻟﻤﻄﺜ 
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Introduction 
     Although early workers described outbreaks of diarrhoea which they 
ascribed to Clostridium perfringens (Klein, 1895; Andrewes, 1899; Simonds, 
1915), little interest was taken in the role of C. perfringens  as a major cause 
of food poisoning until the report of Hobbs and her colleagues in 1953. They 
described a clearly defined form of food poisoning, with symptoms of 
diarrhoea and acute abdominal pain which usually began 8-14 h after 
ingesting a meat meal containing large numbers of viable C. perfringens and 
persisted for 2-24 h. The patients had usually recovered within 24 h. 
     The need for Public Health Laboratories to examine samples of food and 
faeces for C. perfringens during the routine investigation of food poisoning 
outbreaks should be apparent. Unfortunately this is still not carried out by 
some  laboratories (Shapton and Board, 1975).  
     Unlike the heat-resistant strain, heat-sensitive C. perfringens is found in 
almost 100% of stool samples from healthy persons (Collee et al., 1961) and 
the mere isolation of this strain from stool samples is, therefore, of little 
significance. There is a need for a test to distinguish faeces from persons 
with food poisoning from other faecal samples (Shapton and Board, 1975). 
Although this can (and should) be done by demonstrating a serological 
relationship between the strains isolated from food and faecal samples, it is 
not possible to serotype all strains, particularly the heat-sensitive strains, and 
only a few laboratories have a supplement of antisera (Shapton and Board, 
1975). The hospital and public health bacteriologist requires a simple test 
that will help him to assess the significance of the strains, and decide if it is 
worthwhile proceeding with a serological investigation (Shapton and Board, 
1975). 
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     Sutton (1966) carried out direct viable counts of faeces from healthy 
persons, persons with diarrhoea due to causes other than C. perfringens (e.g. 
salmonellosis, dysentery) and from person involved in 20 outbreaks of C.  
perfringens food poisoning. The results indicated that faeces from patients in 
outbreaks of food poisoning due to heat-sensitive or heat-resistant C. 
perfringens contain significantly larger number of C. perfringens than those 
from healthy persons or persons with diarrhoea due to causes other than C. 
perfringens food poisoning. 
Objective 
     This study was intended to isolation and identification of C. perfringens 
and C. perfringens-like organisms from faecal samples of ruminants, equines 
and chicken, and to know the prevalence of these organisms in these animals 
to prevent the confusion between these organisms in isolation of C. 
perfringens which is known as a potential pathogen in animals and man.        
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Chapter One 
Literature Review 
1.1 .  Anaerobic Bacteria 
     Anaerobic bacteria are obligate parasites that found as normal flora of 
intestinal tract of man and animals. Smith and holdman (1968) reported the 
presence of anaerobic bacteria in any environment examined for their 
growth. 
     Schlegel (1995) mentioned that anaerobes do not need oxygen for growth, 
and on contact with oxygen they form hydrogen peroxide which is toxic to 
these cells. Under adverse conditions anaerobe form resistant spores, which 
are, in some aerobes, considerably wider than the vegetative cells, and 
according to the position of the spores, the mother cells assume various 
shapes. 
     The anaerobes which are isolated most frequently from human and 
animal materials are clostridia, bacteriodes and anaerobic streptococci 
(Henry, 1969).     
1.2 .  Genus Clostridium 
     Member of the genus Clostridium are anaerobic, Gram-positive spore-
forming bacilli. With a few exceptions none of them grow in the presence of 
air, although many species tolerate concentration of oxygen below that 
present in the atmosphere (Shapton and Board, 1975). 
      In addition to an anaerobic environment, clostridia prefer 2% to 10% 
CO2 in their atmosphere. Most pathogenic clostridia require complex media 
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including amino acids, carbohydrates, and vitamins (Hirsh et al., 2004).        
                                                                             
     The natural habitat of the clostridia is the soil. From the soil they may 
gain access to the intestinal tracts of animals and man from which certain 
species can frequently be isolated. The genus is a very large one, 61 different 
species being described by Bergey (Stewart and Beswick, 1977). Only a few 
of the species described are pathogenic for man (Stewart and Beswick, 
1977). Members of the genus Clostridium (C.) that are important in 
veterinary medicine include C. chauvoei, C. septicum, C. perfringens, C. 
novyi, C. sordellii, C. tetani, C. hemolyticum and C. botulinum (Sippel, 
1972).  
     On the basis of their biochemical behavior most of the pathogenic 
clostridia can be divided into two contrasting groups (Stewart and Beswick, 
1977): 
• Predominantly Saccharolytic Organisms: These are active 
fermenters of sugars, do not digest serum, produce a pinkish colour in 
Robertson’s meat medium, which is not decomposed and yield cultures 
which frequently have a smell reminiscent of rancid butter –due to the 
presence of higher fatty acids such as butyric acid. 
• Predominantly Proteolytic Organisms: These are not as active sugar 
fermenters as the first group. They digest serum, produce a black colour 
in meat which is extensively decomposed and their cultures have a 
putrefying smell due mainly to the liberation of hydrogen sulphide from 
proteins.  
  
‐ 5 ‐ 
 
     A great variety of clostridial species have been isolated from cases of gas 
gangrene. Many of these, however, are purely saprophytic or are present as 
secondary invaders. The most important species and those primarily 
responsible for the condition are  C. perfringens, C. novyi and C. septicum. 
Each of these is an active toxin producer and, although frequently present 
along with other species, can cause gas gangrene by itself. Clostridium 
perfringens is the species most frequently found, being present in about 60% 
of all cases (Stewart and Beswick, 1977).                                                                               
      No single method may be relied upon to isolate all the varieties of 
clostridia that might be present in a given sample, still less all the species 
that might be present in samples from widely different environments. A 
knowledge of the varying habits of this group of bacteria is, therefore, a 
prerequisite for their successful isolation (Shapton and Board, 1975). No 
attempt is made to describe all the specialized methods that have been 
devised to facilitate isolation  of individual clostridia or groups of clostridia; 
rather, the general principles of isolation methods are described and 
illustrated by media and methods that have been found successful in 
examining specimens for the commoner mesophilic clostridia from a variety 
of environments including clinical material, fishery products, marine and 
fresh-water sediments (Shapton and Board, 1975).  
Structure and growth characteristics 
     Clostridium species are Gram-positive, but older cultures may stain 
irregularly. All species from characteristic endospores, which create a bulge 
in the bacterial body, for instance the drumstick-shaped C. tetani (this shape 
is useful in laboratory identification of the organisms). Some species are 
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motile with peritrichous flagella (e.g. C. tetani), while others (e.g. C. 
perfringens have a capsule (Samaranayake, 2006).        
     A particular clostridium isolate will produce only one spore per cell, and 
the spore will be in the same location (either terminal or subterminal) in 
every cell (Engelkirk and Duben, 2007).   
     A surface-associated structure characterized by orderly paracrystalline 
protein arrays (S Layer) is found in the cell wall of C. difficile. The role 
played by the S Layer proteins is unknown. Some clostridia have been 
shown to produce pili or fimbriae (C. difficile), and other produced adhesive 
structures, presumably cell wall proteins (Hirsh et al., 2004). 
     Clostridium species grow anaerobically on blood agar or Robertson’s 
cooked meat medium. Although C. tetani and C. novyi are strict anaerobes, 
C. histolyticum and C. perfringens can grow in the presence of limited 
amount of oxygen (aerotolerant). The saccharolytic, proteolytic and 
toxigenic potentials of the organisms are useful in identification 
(Samaranayake, 2006). 
     Growth is usually visible within 1 or 2 days. Colonies are often irregular 
in shape and contour. Most clostridia produce hemolysis when grown in 
blood agar (Hirsh et al., 2004).                                                                                          
1.3 .  Clostridium perfringens 
1.3.1.  History 
      Clostridium perfringens was first described by Achalme in 1891 (cited 
by El Sanousi, 1975) and further described by Welch and Nuttal (1892) 
under the name Bacillus aerogenes capsulatus. The organism was also 
reported to cause intestinal disturbance in man (Klein, 1895). It was also 
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recovered from cases of gangrenous appendicitis in man (Veillon and Zuber, 
1897) called it Bacillus perfringens. The term ‘perfringens ,  was derived 
from the Latin word which means ‘breaking through , .  
1.3.2. Types and Epizootiology 
     The major diseases associated with the various types of Cl. perfringens 
include the following: 
• Type A – necrotic enteritis in chicken, necrotizing enterocolitis in 
piglets, canine hemorrhagic gastroenteritis, gas gangrene and food 
poisoning in humans (Fox, 2007). 
• Type B – lamb dysentery and hemorrhagic enteritis in calves and foals 
(Fox, 2007). 
• Type C – “struck’’ in adult sheep, sudden death in goats and feedlot 
cattle, necrotic enteritis in chickens, and hemorrhagic enteritis in 
neonatal piglets (Fox, 2007). 
• Type D – pulpy kidney in sheep and enterotoxaemia in calves and 
goats (Fox, 2007). 
• Type E – hemorrhagic enteritis in calves and enteritis in rabbits 
(Quinn et al., 2002).  
• Type F – enterotoxaemia in humans (Stewart and Beswick, 1977). 
        Clostridium perfringens type A occurs in intestinal tracts of humans and 
other animals and in most soils. Types B, C, D, and E are found mostly in 
the intestinal tracts of animals, and their survival in soil is variable. 
Transmission is by ingestion and wound infection (Hirsh et al., 2004).                                      
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1.3.3. Toxins (Hirsh et al., 2004)   
• Alpha toxin (lecithinase C or phospholipase C): is a membrane 
active toxin which destroys the connective tissue components and breaks 
down lecithin to yield glyceride and phosphoryl choline. It is produced by 
all strains of C. perfringens. It also displays the “hot-cold” lysis 
phenomenon.   
• Beta toxin: is a pore-forming toxin, which damages host target cells 
(intestinal epithelial cells, endothelial cells). In addition, beta toxin affects 
nervous tissue by influencing the distribution of calcium ions across their 
membranes thereby disrupting normal nerve conduction. It is susceptible 
to the proteolytic activity of trypsin.  
• Beta2 toxin: Its mechanism of action is unknown. It is produced by C. 
perfringens isolated from the intestinal contents of pigs with necrotic 
enteritis, horses with enterocolitis, and dogs with diarrhoea. 
•  Epsilon toxin: It targets lipid (cholesterol and sphingolipids) rafts 
found in eukaryotic cell membranes, though the toxin concentrates in 
brain and kidney. It is permease that acts by affecting the cellular 
cytoskeleton resulting in an increase in the permeability of epithelial and 
endothelial cells. Epsilon toxin is secreted as a protoxin that is activated 
by proteolytic enzymes.  
• Iota toxin: is a binary toxin composed of a binding portion (Ib) that 
binds the toxin to target epithelial cells, and an enzymatically active 
portion (Ia). After the toxin binds to specific receptors on the cell surface, 
Ia gains entry into the cytoplasm. Though it is not clear precisely how 
entry occurs, it seem that a pore (composed of Ib) is formed in the cell 
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membrane through which Ia traverses. Ia is an ADP-ribosylating toxin 
that ribosylates actin within the host cell, resulting in disorganization of 
the cellular cytoskeleton and death of the affected cell. 
•  Kappa toxin (collagenase): is a toxin that affects connective tissue 
and breaks down collagen fibers and therefore presumably contributes to 
the disintegration of muscles which is the most dramatic feature of C. 
perfringens. Collagenase is produced by Type A (Stewart and Beswick, 
1977).  It is thought to aid spread of clostridial cells through the tissues.                         
• Mu toxin (N-acetylgalactosaminidase): is a hyaluronidase. It is 
thought to aid spread of clostridial cells through the tissue. 
•  Theta toxin (perfringolysin O): is a cholesterol-binding cytolysin. It 
binds to cholesterol-containing rafts in the eukaryotic cell membrane, and 
forms a pore, which results in the death of the cell. In addition, 
perfringolysin O for the lysis of membranes enclosing C. perfringens 
inside of phagolysosomes, resulting in their escape into the cytoplasm of 
the phagocytic cell.     
• Sialidase (Neuraminidase): it removes sialic acid residues from 
glycoconjugates on cell walls of eukaryotic cells resulting in disruption of 
the intercellular matrix.  
• Hemolysins: A number of hemolysins are produced by C. 
perfringens. Their role in disease is unknown. 
• Enterotoxin: is produced during sporulation of Cpe-containing C. 
perfringens. When the endospore is released, enterotoxin is also released 
into the surrounding milieu. Enterotoxin is a bifunctional toxin, first 
forming a pore in the apical portion of small intestinal epithelial cells 
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resulting in fluid and electrolyte abnormalities, as well as providing 
access to tight junction proteins. Interaction of Cpe with tight junction 
proteins result in further losses in control of fluid and electrolytes.           
     Though any type of  C. perfringens can harbor the genes encoding Cpe. 
Type A is the most common. In addition to altering fluid and electrolyte flow 
of the epithelium, Cpe damages epithelial cells and tight junctions leading to 
sloughing with accompanying inflammatory changes. 
1.3.4.  Morphology and Staining 
     Clostridium perfringens is a non-motile gram positive thick brick-shaped 
rod, young cultures are Gram-positive, in old cultures many organisms may 
appear granular and some strains gram negative. Spores, which are rarely 
seen in smears from infected tissue, are oval, central or subterminal and 
usually distend the sides of the cell. Clostridium perfringens rods varying in 
size from 2-6 µm in length and 0.8-1.5 µm in width. The rods are usually 
encased in a polysaccharide capsule, especially in preparation from animal 
tissue. Capsulated strains produce colonies on solid media, which are 
smoother and more mucoid than those of non-capsulated strains. Usually the 
organism occurs singly, in pairs and occasionally in short chains (Monica, 
2000). 
1.3.5.  Culture Characteristics 
     Colonies of C. perfringens on blood agar are smooth, round, grayish in 
color, and are surrounded by double zone of hemolysis. C. perfringens is 
oxidase and catalase negative and forms acid and gas from glucose, fructose, 
galactose, maltose, lactose, and sucrose but not from mannitol, dulcitol, or 
salicin. The organism is lecithinase and gelatinase positive and indole 
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negative (Quinn et al., 2002). A positive CAMP test, resulting in the 
enhancement of the partial zone of hemolysis produced by C. perfringens 
occurs after incubation with Streptococcus agalactiae (Quinn et al., 2002). 
1.4.   Clostridium perfringens-Like Organisms  
     Clostridium perfringens-like organisms are group of physiologically 
related strains. They have similar morphology and biochemical properties 
with C. perfringens (Abd Elsalam and El Sanousi, 1991). 
     Using of Nagler’s reaction, synergistic hemolysis, LGNM (lactose-
gelatin-     nitrate-motility) and sugar fermentation test was found to have 
high capacity for identification of these organisms in comparison with 
ordinary tests (Abd Elsalam and El Sanousi, 1991). 
      Clostridium perfringens-like organisms include C. beijerinckii ,C. 
sardiniensis, C. barati (C. paraperfringens), C. absonum, and C. celatum (C. 
indolis, Inflabilis indolis and Inflabilis lacustris). (Abd Elsalam and El 
Sanousi, 1991). 
1.4.1.  Clostridium beijerinckii 
     The species C. beijerinckii was named after the dutch bacteriologist M. 
W. Beijerinck by donker in his 1926 thesis (George and Chen, 1983). C. 
beijerinckii is a Gram-positive, rod shaped and motile. It has been isolated 
from faeces and soil. It produces oval and sub-terminal spores. C. 
beijerinckii was thought to be unable to ferment starch. However, many 
strains of C. beijerinckii have since been found to ferment starch (George 
and Chen, 1983; Nimcevic et al., 1998), and C. beijerinckii NRRLB 592 has 
been used in pilot-plant studies to produce solvents from potatoes (Nimcevic 
and Gapes, 2000). C. beijerinckii also contains strains that produce 
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isopropanol, instead of acetone as a major end product. When methyl 
viologen is added to the medium, C. beijerinckii NRRLB 591 (formerly 
labeled as “C. acetobutylicum”) produces either ethanol (pH 6.8) or butanol 
and ethanol (pH 5), but with little or no acetone (Rao and Mutharasan, 
1986). C. beijerinckii have the capacity to reduce acetone to isopropanol, and 
in these organisms, isopropanol may supercede acetone as the second most 
abundant neutral end product after butanol (Dworken et al., 2006).   
      Clostridium beijerinckii NCIMB 8052 is a saccharolytic, strictly 
anaerobic, mesophylic, motile, rod-shaped bacteria with oval and sub-
terminal spores. It exhibits peritrichous flagella. During fermentation, C. 
beijerinckii NCIMB 8052 produces a number of products including acetate, 
butyrate, lactate, hydrogen gas, carbon dioxide, acetone, butanol, ethanol, 
acetoin and acetyl methyl carbonil. The morphology of the cell changes over 
the growth cycle of the organism; at early exponential phase, the cells are 
long, filamentous and very motile. As the culture approaches the 
solventogenic stage, which corresponds with the stationary phase, cells 
shorten, become plumper and exhibit a lower level of motility (Jones and 
Woods, 1986). 
1.4.2.  Clostridium absonum 
     Clostridium absonum produces phospholipase C. The enzyme has not 
been characterized, but antiserum against the C. perfringens α toxin is 
partially neutralizing. C. absonum phospholipase C  is only distantly related 
to the C. perfringens α toxin (Rood et al., 1997).   
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1.4.3.  Clostridium barati 
      Clostridium barati is sulfite-reducing clostridia that produces black 
colonies and is egg yolk positive. It is non motile, reduces nitrate to nitrite 
and salicin is fermented with production of acid. It has inability to produce 
acid from raffinose within 3 days (Downes and Keith, 2001).   
     Clostridium barati is a neurotoxin- producing Clostridium. Botulinum 
toxins are produced not just by C. botulinum but also by certain toxinogenic 
C. butyricum and C. barati strains. These strains have been isolated in 
connection with infant botulism and food borne botulism. In C. barati ATCC 
43756, a neurotoxin gene (bant) coding for a protein with high homology to 
BoNT/F has been identified (Kaper and Hacker, 1999). 
     Clostridium barati has attracted limited attention because it lacks of overt 
pathogenesis and failure to produce lethal toxin. Its most striking clinical 
feature is its neuro-toxogenesis, the type F botulism in infants (Harvey et al., 
2002) and in adults (Harvey et al., 2002; Gupta et al., 2005). 
1.4.4.  Clostridium sardiniensis and Clostridium celatum 
     Clostridium sardiniensis is sulfite-reducing clostridia that produces black 
colonies and is egg yolk positive. Both C. sardiniensis and C. celatum are 
non motile, reduce nitrate to nitrite and salicin is fermented with production 
of acid (Downes and Keith, 2001). 
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Chapter Two 
Materials and Methods 
2.1. Equipments 
1. Glass and disposable Petri dishes, flasks, beakers, forceps, bottles (Bijou 
and universal), slides, Pasteur pipettes, dialysis tube, graduated cylinders and 
syringes (1 ml and 20 ml). 
2. BTL  jar (England). 
3. Gas generation kit (Anaerogen, Oxoid AN 035 A). 
4. pH meter. 
5. Microscope. 
6. Thermostatically controlled water bath. 
7. Thermostatically controlled incubator. 
8. Centrifuge. 
2.2. Asepsis and Sterilization 
1. Hot Air Oven 
     Glass Petri dishes, flasks, beakers and  forceps were sterilized in a hot air 
oven at 160o C for one hour. 
2. Autoclaving 
     Media (except motility medium and cooked meat medium) and solutions 
were sterilized by autoclaving  at 121o C for 15 minutes. 
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3. Irradiation 
UV irradiation for 20 minutes was used to sterilize the surfaces in the media 
pouring room. 
4. Disinfection                                                                                                                
Alcohol 70% was used for disinfecting work bench in the laboratory. 
2.3. Media and Method 
2.3.1.   Solid Media 
2.3.1.1. Blood Agar 
Nutrient Agar 
Content             (g/L) 
Lab-lemco powder            1.0 
Yeast extract                              2.0 
Peptone              5.0 
Sodium Chloride   5.0 
Agar            15.0 
     Twenty-eight grams of nutrient agar (oxoid) were dissolved in a litre of 
distilled water, by boiling. The pH was adjusted to 7.4 before sterilization. 
After cooling to 500C, defibrinated sheep blood was added aseptically in 7-
10% concentration before pouring onto plates as 15-20 ml amounts. 
Synergistic Hemolysis Test (The CAMP Test) 
     The plate of blood agar was inoculated with a single diametric streak of 
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ß-toxin-producing strain of Staphylococcus aureus (D.Z.1t). The test isolates 
were streaked (inoculated) at right angles to but not touching the 
staphylococcal inoculums and it was incubated anaerobically, using a BTL 
jar (England) filled with hydrogen generated from a gas kit (Oxoid), at 37o C 
overnight (Barrow and Felthman, 2003).  
     The plate was examined while still warm: diffusion of ß-toxin was 
produced a zone of discolouration of the sheep erythrocytes. Production and 
diffusion of the CAMP factor from organisms under test was yield a 
completely clear area shaped like a bullet in the zone of discolouration 
caused by the ß-toxin (Barrow and Felthman, 2003).         
2.3.1.2. Egg-Yolk Agar 
     The medium was prepared as described by Cruickshank et al. (1975) 
from: eighty-five milliliter nutrient agar (prepared as was mentioned in 
2.3.1.1). After autoclaving the medium was allowed to cool to 45O C. Fifteen 
milliliter of sterile egg-yolk suspension were aseptically added to the nutrient 
agar, gently mixed and poured onto sterile Petri dishes as 15-20 ml amounts. 
Lecithinase Test 
     Egg-yolk plate was inoculated with a single streak of organism and 
incubated anaerobically, using a BTL jar (England) filled with hydrogen 
generated from a gas kit (Oxoid), at 37o C overnight. 
     Egg-yolk reactions was depended on lecithinase C and lipase activity 
both types of enzymes were produced quite distinct opacity changes in egg-
yolk agar (Willis, 1962). Lecithinase C was hydrolyzed lecithin into 
phosphorylcholine and an insoluble diglyceride, the reaction was resulting in 
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intense diffuse opaque haloes in the medium around colonies and zones of 
growth (Barrow and Felthman, 2003).       
2.3.2. Semi-solid media 
2.3.2.1. Motility Medium 
     The medium prepared as described by Edwards and Bruner (1942) from 
the following: 
Content      (g/L) 
Gelatin (Oxoid L 8)    80.0 
Peptone (Oxoid L 37)            10.0 
Beef extract               3.0 
Na C1       5.0 
Agar       4.0 
     Gelatin was soaked in the water for 30 minutes, other ingredients were 
added, heated to dissolve and sterilized at 1150C for 20 minutes. 
Motility Test 
     Tube of motility medium was Stab-inoculated to a depth of about 5 mm. 
It was incubated anaerobically, using a BTL jar (England) filled with 
hydrogen generated from a gas kit (Oxoid), at 37o C for 5 days (Barrow and 
Felthman, 2003).    
     Motile organisms was migrated throughout the medium, which became 
turbid; growth of non-motile organisms was confined to the stab-inoculums 
(Barrow and Felthman, 2003).    
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2.3.2.2. Nutrient Gelatin                                                                     
Nutrient Gelatin   
Content                                                (g/L)                                       
Meat extract                                     3.0                                                                         
Peptone                       5.0                                                
Gelatin                                                120.0                                                                  
     Hundred and twenty eight grams of nutrient gelatin were suspended in 1 
liter of distilled water and boiled to dissolve completely. The pH was 
adjusted to 6.8 then it was sterilized by autoclaving at 121oC for 15 minutes, 
mixed well before pouring and cooled to below 20oC or left to set in a 
refrigerator.  
      Gelatin 10% and 2% were prepared by addition of gelatin 100 and 20 g\L 
respectively instead of 120 g\L. 
Gelatinase Test  
     A tube of gelatin was inoculated with the organism to examined and it 
was incubated anaerobically, using a BTL jar (England) filled with hydrogen 
generated from a gas kit (Oxoid), at 37o C for 7 days. The gelatin was placed 
in refrigerator. When the gelatin was hardened, the organism under 
examination was not secreted a gelatinase into the culture medium. When the 
gelatin was remained liquid, the organism under examination was secreted a 
gelatinase into the culture medium (Salle, 2007).  
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2.3.3.   Liquid Media  
2.3.3.1.  Robertson’s Cooked Meat Medium (CMM) 
     The medium was prepared according to Barrow and Feltham (2003) from 
the following: 
Minced meat (fat-free)     1000 g 
0.05 N- Na OH                1000 ml 
     The mixture was heated to boiling, simmered for 20 minutes. Then 
strained through gauze and the meat particles were dried at temperature 
below 500C. Dried meat particles were placed in Bijou bottles, sufficient 
nutrient broth was added and Sterilized at 1150C for 20 minutes. 
2.3.3.2.       Nutrient Broth 
Content         (g/L) 
Lab-lemco powder (Oxoid L 29)     10.0 
Peptone (Oxoid L 37)         5.0 
Sodium chloride                  5.0 
Yeast extract          2.0 
Distilled water           1000.0 ml 
     Twenty two grams of nutrient broth were added to 1 liter of distilled 
water and mixed well. The pH was adjusted to 7.4 then the mixture was 
distributed into final containers and Sterilized by autoclaving at 121o C for 
15 minutes. 
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2.3.3.3. Sugar Media 
     The sugar media were prepared as described by Holdeman and Moore 
(1972) from the following: 
 Peptone Water 
Content              (g/L) 
Peptone (Oxoid L 37 )    10.0 
Sodium chloride      5.0 
     Fifteen grams of solid contents were added to 1 litre of distilled water, 
mixed well to dissolve, and sterilized by autoclaving at 1210C for 15 
minutes. Ten milliliter of Andrade’s indicator were added to 900 ml peptone 
water, final pH 7.5.                                                                                          
Preparation of Sugar 
      Ten grams of sugar were dissolved in 90 ml of distilled water and boiled 
for 30 minutes. Then aseptically added to the sterile peptone water with 
indicator, distributed into sterile test tubes with inverted inner (Durham’s) 
tubes and boiled for 30 minutes. 
Sugar Fermentation Test 
     The organism was inoculated in the sugar media then it was incubated 
anaerobically, using a BTL jar (England) filled with hydrogen generated 
from a gas kit (Oxoid), at 37o C.  
    The media was examined daily for 7 days for acid (Barrow and Felthman, 
2003). Fermentation of sugar was detected by the production of organic 
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acids which alter the colour of pH indicators incorporated in culture media 
(Baird et al., 2000). The colour of pH indicators were altered to red colour. 
     In anaerobic incubation, some indicators was bleached (reduced to a 
colour less state); in such cases, so the test for acid production by the 
addition of fresh indicator solution (Barrow and Felthman, 2003).    
2.3.3.4. Nitrate Broth 
Content             (g/L) 
Bacto-beef extract    3.0 
Bacto-peptone     5.0 
Potassium nitrate    1.0 
      Nine grams were dissolved in 1 liter distilled water. The pH was adjusted 
to 7 then the mixture was distributed in tubes and sterilized at 1210C for 15 
minutes. 
Nitrate Test 
     Nitrate Broth was inoculated lightly and it was incubated anaerobically, 
using a BTL jar (England) filled with hydrogen generated from a gas kit 
(Oxoid), at 37o C for up to 5 days (Barrow and Felthman, 2003).  
     One milliliter of nitrite reagent A (prepared as was mentioned in 2.5.2) 
was added followed by 1 ml of reagent B (prepared as was mentioned in 
2.5.2). A deep red colour which was showed the presence of nitrite and thus 
showed that nitrate had been reduced, indicated a positive reaction (Barrow 
and Felthman, 2003). 
  
‐ 22 ‐ 
 
     To tube did not show a red colour within 5 min. powdered zinc (prepared 
as was mentioned in 2.5.2) was added (up to 5 mg/ml of culture) and allowed 
to stand. Red colour = nitrate present in the medium i.e. not reduced by the 
organism. Absence of red colour = nitrate absent in the medium i.e. reduced 
by the organism to nitrite, which in turn was itself reduced (Barrow and 
Felthman, 2003). 
2.4. Staining Methods 
      Gram staining method was used as described by Barrow and Feltham 
(2003): 
1. Crystal violet was added to smears for one and half a min. 
2. Washed with distilled water. 
3. Lugol’s iodine was added for one min. 
4. Decolorized with alcohol for 2-3 seconds. 
5. Washed with distilled water. 
6. Counter stained with dilute carbol fuchsine for 3-4 min. 
7. Washed with water. 
8. Dried with filter paper and examined under the microscope using the oil 
immersion objective lens. 
    Gram-positive organisms appear purple, while gram negative organisms 
appear red.   
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2.5. Reagents 
2.5.1.   Andrade’s Indicator 
     The reagent was prepared as described by Barrow and Feltham (2003) 
from the following: 
Content             (g/L) 
Acid fuchsine     5.0 
N- Na OH          150-180 
Distilled water          1000 ml   
     Acid fuchsine was dissolved in the distilled water and 150 ml of alkali 
solution were added, mixed and allowed to stand at room temperature with 
frequent shaking for 24 hours; straw-yellow colour was ultimately attained 
with the minimum of alkali. 
2.5.2.   Nitrate Test Reagent   
Solution A: 0.33% sulphanilic acid in 5 N-acetic acid were dissolved by 
gentle heating.                                                               
 Solution B: 0.6 dimethyle– alpha naphthlamine in 5N-acetic acid were 
dissolved by gentle heating.                                                                 
  Zinc dust: or 10% zinc dust suspended in 1% methylcellulose solution 
(Steel and Fisher, 1961). 
2.5.3.   Gram’s Stain Reagents 
Acetone-Alcohol Decolorizer 
Acetone      500 ml 
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Ethanol or methanol, absolute  475 ml 
Distilled water       25 ml 
      Distilled water was mixed with alcohol. Acetone was measured and 
added immediately to alcohol solution, mixed well and stored at room 
temperature.                                                                                                                 
Crystal Violet Gram’s Stain 
Crystal violet     20.0 g 
Ammonium oxalate      9.0 g 
Ethanol or methanol, absolute  95.0 ml 
Distilled water     to 1 liter 
     Crystal violet was weighed and alcohol was added, mixed until the dye 
was completely dissolved. 
     Ammonium oxalate was weighed and dissolved in about 200 ml of 
distilled water, added to the stain and then made to 1 liter with distilled 
water, and mixed well. Then stored at room temperature. 
Lugol’s Iodine Solution 
Potassium iodide    20.0 g 
Iodine     10.0 g 
Distilled water    to 1 liter 
     Potassium iodide was weighed. About a quarter of the volume of water 
was added and mixed until the potassium iodide is completely dissolved. 
Iodine was added to the potassium iodide solution and mixed until the iodine 
  
‐ 25 ‐ 
 
is dissolved. It was then made up to 1 liter with distilled water, mixed well 
and then stored in a dark place at room temperature. 
Carbol  Fuchsin (Weak) 
Phenol                                                85.0 g  
Basic Fuchsin                                     15.0 g 
Ethanol                                               250 ml 
Distilled water                                   1250 ml  
     Mix the phenol and Fuchsin and if necessary heat gently to dissolve the 
phenol. Add the ethanol and distilled water. Dilute one volume of mixture 
with 10-20 volumes of distilled water and filter into a stoppered bottle. 
Propanol may be substituted for ethanol (Barrow and Felthman, 2003).  
2.6.  Isolation and Identification of C. perfringens                                                     
2.6.1.   Sample Preparation and Isolation  
      Faecal samples were collected from seven species of domestic animals 
(cattle, sheep, goats, camels, horses, donkeys, and chicken) from Khartoum 
State. Thirty samples were collected from each species by swabs directly 
from rectum then there were transported in ice box to the laboratory. The 
samples were treated immediately on day of collection as described below.                         
     A small portion of faeces (1 gram) was inoculated into preheated and 
quickly cooled CMM, and incubated in water bath at 42o C for 2 hours, and 
then subcultured on blood agar (El Sanousi, 2007 personal comunication). 
Blood agar plates were incubated anaerobically using a BTL jar (England) 
filled with hydrogen generated from a gas kit (Oxoid). After incubation 
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period for 24 h, colonies suspected for C. perfringens and C. perfringens-like 
organisms (gray colonies which gave gram positive rod cells with blunted 
edges under microscope ) were purified by further subculturing on blood 
agar and incubated anaerobically as described previously. Pure isolates were 
preserved in CMM.  
2.6.2.   Scheme for Identification of C. perfringens and C. perfringens- 
Like Organisms 
      The scheme used was prepared by Abd Elsalam and El Sanousi (1991). It 
was designed to differentiate between C. perfringens and C. perfringens- like 
organisms.  Four tests were used in the scheme. It included lecithinase 
production, synergistic hemolysis, LGNM (lactose, gelatin, nitrate and 
motility) tests and sugar fermentation tests (Fig. 1). 
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Chapter Three 
The Results 
3.1. Isolates 
     One hundred and thirty isolates (61.9%) out of 210 faecal specimens 
examined were made. Clostridium perfringens counted for 50 out of the 130 
isolates (38.5%) with a prevalence rate of 23.8% of animals tested. 
Clostridium perfringens-like organisms counted for rest (61.5%) and a 
prevalence rate of 38.1.8%. Clostridium perfringens-like organisms were 58 
C. sardiniensis, 10 C. absonum, 7 C. beijerinckii, 4 C. celatum, and 1 C. 
barati. The prevalence of these organisms in different domestic animals is 
illustrated in Tables 1-2 and Figs. 2-3.            
3.2.  The Cell Morphology and Gram Reactions 
     All isolates were Gram-positive bacilli with blunt ends in smears 
prepared from fresh cultures.     
3.3.  Growth and Hemolysis on Blood Agar       
     On sheep blood agar all isolates developed grayish colonies, 2-4 mm in 
diameter, round in shape Some colonies were granular with irregular edges, 
glistening  and with a low convex surface. All isolates were non mucoid 
except  one isolate from a donkey. 
      On sheep blood agar, 122 (93.8%) isolates did not produce any 
hemolysis but 8 (6.2%) isolates developed double zone of hemolysis. Two of 
them were from sheep, one from camels and one from horses each of these 
isolates identified as C. sardiniensis, Where another isolate from horses 
identified as C. pefringens, one isolate from goats was C. barati and one 
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isolate from each chicken and donkeys were C. celatum. The colonies were 
surrounded by an inner zone of complete hemolysis followed by a zone of 
incomplete hemolysis ( Fig. 4).  
3.4.  Growth of pure isolates in Cooked Meat Medium  
     All isolates propagated in this medium for 24 h at 37o C, produced a 
turbidity. The majority of isolates 79 (60.8%) were saccharolytic whereas 51 
(39.2%) of them were non saccharolytic. 
3.5.  Growth  in Air 
     There was no growth of all isolates on blood agar incubated aerobically at 
37o C for 24 hours. 
3.6.  Opalescence  on  Egg-Yolk  Agar 
     All isolates were cultured on egg-yolk agar, only one isolate from horses 
(0.8%) produced opalescence (lecithinase positive)on egg-yolk agar (Fig. 5). 
3.7.  Synergistic  Hemolysis 
     One isolate from goats (0.8%) produced synergistic haemolysis with 
Staphylococcus aureus and gave bullet shape synergistic hemolysis. It was 
diagnosed as C. barati (Fig. 6). 
3.8.  LGNM Tests 
     All isolates were tested on LGNM media (Lactose, Gelatin, Nitrate and 
Motility). Only 57 (43.8%) isolates were diagnosed to the species level by 
these tests, 50 of them were C. perfringens and 7 (5.4%) of them were C. 
beijerinckii.   
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     All isolates were lactose fermenters, 123 (94.6%) of them were nitrate 
reducers and non motile and 7 (5.4%) of them did not reduce nitrate and 
were motile. 
     The majority of the isolates 78 (60%) did not liquefy gelatin, 47 (36.2%) 
of them were strong gelatin liquefiers and 5 (3.8%) of them which were 
isolated from poultry samples, were weak gelatin liquefiers (Tables 3). 
Table (1): Prevalence of C. perfringens and C. perfringens-Like Organisms 
in Faecal Samples of Some Domestic Animals. 
Animal 
Species 
C. Perfringens C. perfringens-Like  
Organisms   
Total Percentage 
Cattle 5 12 17 56.7% 
Sheep 1 10 11 36.7% 
Goats 4 11 15 50% 
Camels 8 18 26 86.7% 
Horses 3 6 9 30% 
Donkey
s 
11 14 25 83.3% 
Chicke
n 
18 9 27 90% 
Total 50 80 130  
 
C. = Clostridium. 
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Fig (2): Percentages of C. perfringens and C. perfringens-Like 
Organisms in Faecal Samples of Some Domestic Animals.          
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Table (2): Prevalence of C. perfringens, C. beijerinckii, C. barati C. 
sardiniensis, C. absonum C. celatum in Faecal Samples of Some Domestic 
Animals. 
Animal 
Species 
C. 
Perfringens
C. 
beijerinckii
C. 
barati 
C. 
sardiniensis 
C. 
absonum 
C. 
celatum
Cattles 5 4 0 6 2 0 
Sheep 1 1 0 9 0 0 
Goats 4 0 1 9 1 1 
Camels 8 0 0 13 3 1 
Horses 3 1 0 5 0 0 
Donkeys 11 1 0 9 3 1 
Chicken 18 0 0 7 1 1 
Total 50 7 1 58 10 4 
Percentage 23.8% 3.3% 0.5% 27.6% 4.8% 1.9% 
 
C . = Clostridium. 
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Fig (3): Percentages of C. perfringens, C. beijerinckii, C. barati C. 
sardiniensis C. absonum C. celatum in Faecal Samples of Some 
Domestic Animals. 
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Table (3): Result of Lactose, Gelatin, Nitrate and Motility Tests Against  C. 
perfringens and C. perfringens-Like Organisms Isolates. 
Animal Species Isolates L G N M Identification
Cattle 5 + + + - C. perfringens
Sheep 1 
Goats 4 
Camels 8 
Horses 3 
Donkeys 11 
Chicken 18 
Cattle 2 + + - + C. beijerinckii
Cattle 2 + - - + C. beijerinckii
Sheep 1 
Horses 1 
Donkeys 1 
Total 57  
 
L = Lactose.               M =  Motility.               C. = Clostridium.  
G = Gelatin.                + = Positive. 
N = Nitrate.                 - = Negative. 
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3.9.  Sugar Fermentation Tests and Gelatin Tests 
     Isolates were not identified by the LGNM tests to the species level (72 
isolates) were tested by raffinose medium. Only 58 (44.6%) of isolates were 
diagnosed to the species level. They were C.  sardiniensis. The rest isolates 
(14, 10.8%) were diagnosed by Galactose, Cellobiose, Succrose and gelatin 
(gelatin 2% and gelatin 10%) media. Ten of them were C. absonum and 4 
were C. celatum (Tables 4-5). 
Table (4): Result of Raffinose Test Against C. perfringens-Like Organisms 
Isolates. 
Animal Species Raffinose Test 
Positive Isolates Negative Isolates 
Cattle 6 2 
Sheep 9 0 
Goats 9 2 
Camels 13 4 
Horses 5 0 
Donkeys 9 4 
Chicken 7 2 
Total 58 14 
Identification C. sardiniensis ND 
       ND = Not diagnosed by Raffinose test.                 C. = Clostridium. 
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Table (5): Result of Galactose, Sucrose, Cellobiose and Gelatin (2%-10%) 
Tests Against C. perfringens-Like Organisms Isolates. 
Animal 
Species 
Isolates Gal. Suc. Cel. G 2% G 10% Identification
Cattle 2 + + - + - C. absonum 
Camels 2 
Donkeys 1 
Chicken 1 
Goats 1 - + ND + - C. absonum 
Camels 1 
Donkeys 2 
Goats 1 - + ND + + C. celatum 
Camels 1 
Donkeys 1 
Chicken 1 
Total 14  
. 
Gal. = Galactose.           G =  Gelatin.               C. = Clostridium.  
Suc. = Sucrose.             + = Positive.               ND = Not done.  
Cel. = Cellobiose.           - = Negative. 
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Fig. (4): A Clostridium perfringens Isolate Producing Double Zone of 
Hemolysis on Blood Agar.  
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Fig. (5): A Clostridium perfringens Isolate Producing Lecithinase on 
Egg Yolk Agar.  
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Fig. (6): A Clostridium barati Isolate Producing Synergistic Hemolysis 
(Bullet Shape). 
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Chapter Four 
Discussion 
    Though many isolates among the clostridia could not simulate C. 
perfringens typically yet they did receive a proper attention. 
     The procedure for isolation of C. perfringens and C. perfringens-like 
organisms applied in this study proved its efficiency. Research in C. 
perfringens-like organisms was very meager.  In Sudan only a few 
references were cited (Abdel Salam, 1986; Samia, 2003). 
     The scheme used in this study to identify the isolates was designed by 
Abdel Salam and El Sanousi (1991) and it was based on the findings 
mentioned by Wilis and Hobbs (1959); Nakamura et al. (1973); Buchanan et 
al. (1974); Smart et al. (1979); Gubash (1980); Narayan (1982); De Boer and 
Boot (1983 ) and Krieg and Holt (1986). 
     Most of isolates showed typical cell and colonal morphology of C. 
perfringens and C. perfringens-like organisms. One isolate from donkey 
showed mucoid appearance on blood agar with tendency for spreading. This 
finding agrees with Sterne and Batty (1975); Haroun (1989) and Monica 
(2000), who reported that some isolates were very mucoid.  
     On sheep blood agar, 122 (93.8%) isolates didn’t cause any haemolysis 
but 8 (6.2%) isolates developed double zone of hemolysis. This findings 
disagree with Sterne and Batty (1975) and Samia (2003), who reported that, 
all isolates showed hemolysis for sheep erythrocytes and produced double 
zone of hemolysis. Such findings agree with Abdel Salam and El Sanousi 
(1991), who reported that some isolates were non hemolytic on sheep blood 
agar due to weak production of hemolysin. 
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     In CMM all isolates produced turbidity. The majority of isolates, 79 
(60.8%) were saccharolytic whereas 51(39.2%) of them were non 
saccharolytic. This finding is similar to the findings of Abdel Salam and El 
Sanousi (1991) and Samia (2003).  
     All isolates did not produce opalescence on egg-yolk agar i.e they did not 
produce lecithinase enzyme except one isolate from horse. This finding 
agrees with Abdel Salam and El Sanousi (1991).                   
     Some isolates 123 (94.6%) were non motile and 7 (5.4%) of them were 
motile. This finding agrees with Haroun (1989), Abdel Salam and El Sanousi 
(1991). The findings are largely similar to the findings of  Samia (2003).  
     Many isolates, 78 (60%)  did not liquefy gelatin , 47 (36.2%) of them 
were strong gelatin liquefiers and 5 (3.8%) of them were weak gelatin 
liquefiers. This finding agrees with Abdel Salam and El Sanousi (1991). 
     Only 72 out of 130 isolates were tested by raffinose media. Fifty eight of 
them were raffinose fermenters. Five of them were weak raffinose 
fermenters. This finding agrees with Abdel Salam and El Sanousi (1991). 
     Fourteen out of 72 isolates, which did not ferment raffinose, were tested 
by galactose, sucrose and gelatin (gelatin 2% and gelatin  10%) media. All of 
them were sucrose fermenters. Six of them were galactose fermenters and 8 
were not. All of them were gelatin 2% liquefiers. Four of them were gelatin 
10% liquefiers and 10 did not liquefy gelatin 10%. This finding agrees with 
Abdel Salam and El Sanousi (1991). 
     Six out of the 14 isolates mentioned above were tested by cellobiose 
medium. All of them did not ferment cellobiose. This finding agrees with 
Abdel Salam and El Sanousi (1991). 
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     Chicken showed the greatest number of C. perfringens, this result may be 
due to the high temperature of chicken. Camels showed the greatest number 
of C. sardiniensis. Clostridium sardiniensis may be resistant to the 
dehydration in camel’s environment. 
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Conclusions 
1. In this study, 130 isolates of C. perfringens and C. perfringens-like 
organisms were obtained from 210 faecal specimens of some domestic 
animals examined. 
2. Fifty isolates were diagnosed as C. perfringens. Chicken showed the 
greatest number of such isolates.  
3. Fifty eight isolates were  C. sardiniensis. Camels showed the greatest 
number of such isolates.  
4. Seven isolates were C. beijerinckii. Cattle showed the greatest number of 
such isolates. 
5. Clostridium barati was isolated only once from goat.  
6. Clostridium absonum was isolated from camels and donkeys (3 each) 
followed by cattle (2), goats and chicken (1 each). 
7. Clostridium celatum was isolated only once from goats, camels, donkeys 
and chicken. 
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Recommendations 
1. Clostridium perfringens-like organisms need more attention and more 
studies because some researchers can confused between C. perfringens-like 
organisms and C. perfringens in isolation of C. perfringens which is known 
as a potential pathogen in animals and man. 
2. The scheme for identification must be improved to accommodate all the 
C. perfringens-like organisms.    
3. Clostridium sardiniensis needs more attention by researchers to know the 
reasons which help this organism to be found in camels in large numbers. 
4. More research must be done to know the reasons which help C. 
perfringens to be found in poultry in a large numbers. 
 
 
 
 
 
 
 
 
 
 
  
‐ 45 ‐ 
 
References 
Abdel Salam, I. S. (1986). Prevalence and Properties of Clostridium perfringens 
in Broilers in Sudan. Ph. D. Thesis, University of Khartoum. 
Abdel Salam, I. S. and El Sanousi, S. M. (1991). Proposed scheme for isolation 
and identification of Clostridium perfringens and Clostridium 
perfringens-like organisms. Rev. Elev. Med. Et. Pays. Trop. 44 (1): 153-
168.     
Achalme, P. (1891). Compt. Rend. Soc. Biol. (Paris). Cited by El Sanousi, S. M. 
(1975). The Oxidation-Reduction Potential and the Growth of 
Clostridium perfringens  p. 2  Ph. D. Thesis, University of  Bristol. 
Andrewes, F. W. (1899). On an outbreak of diarrhoea in the wards of St. 
Bartholomew’s Hospital, probably caused by infection of rice pudding 
with Bacillus enteritidis sporogenes. Lancet 1, 8. 
Baird, R. M., Hodges, N. A. and Denyer, S. P. (2000). Handbook of 
Microbiological Quality Control: Pharmaceuticals and Medical Devices. 
CRC Press.  
Barrow, G. I. and Feltham, R. K. A. (2003). Cowan and Steel’s Manual for the 
Identification of Medical Bacteria. 3rd ed. Cambridge University Press. 
Buchanan, R. E., and Gibbons, N. E. (1974). Bergey’s Manual of Determinative 
Bacteriology.8th ed. Baltimore, Williams and Wilkins. 
Collee,  J. G., Knowlden, J. A. and Hobbs, B. C. (1961). Studies on the Growth, 
Sporulation and Carriage of Clostridium welchii with Special Reference 
to Food- Poisoning Strains. Z. Appl. Bact., 24, 326. 
  
‐ 46 ‐ 
 
Cruickshank, R., Duguid, J., Marmion, B. P. and Swain, R. (1975). Medical                   
Microbiol 12th ed. Vol. 2. London and New York. 
 De Boer, Boot. (1983). Comparison of Methods for Isolation and Confirmation 
of Clostridium perfringens from Species and Herbs. J. Fd prot., 46 (6): 
533-536. 
Downes, F. P. and Keith, I. T. O. (2001). Compendium of Methods for the 
Microbiological Examination of Food. 4th ed. 327-328.  American 
public health association.  
Dworkin, M., Falkow, S., Rosenberg, E., Schleifer, K. H. and Stackebrandt, E. 
(2006). The Prokaryotes: A Hand Book on the Biology of Bacteria: 
Symbiotic Associations, Biotechnology, Appl. Microbiol., 3rd ed. 677-
678.    
Edwards, P. R. and Burner, D. W. (1942). Serological identification of 
Salmonella culture. Circ. Ky. Agric. Exp. Sta. No. 54. 
El  Sanousi, S. M. (2007). Personal Communication. 
Engelkirk, P. G. and Duben, J. L. (2007). Laboratory Diagnosis of Infectious      
Diseases: Essentials of Diagnostic Microbiology. Wolters Kluwer.   
Fox, J. G. (2007). Mice as Laboratory Animals. The Mouse in Biomedical 
Research. 2nd ed. 356-357.  Academic Press.  
George, H. A. and Chen, J.-S. (1983). Acidic conditions are not obligatory for 
onset on butanol formation by Clostridium perfringens (synonym. C. 
bulyticum). Appl. Environ. Microbiol., 46, 321. 
Gubash, S. M. (1980). Synergistic Haemolysis Test for Presumptive 
Identification and Differentiation of Clostridium perfringens, C. 
  
‐ 47 ‐ 
 
bifermentans, C. sordellii and C. paraperfringens. J. clin. Path., 
33:395-399.    
Gupta, A., Sumner, C. J., Castor, M., Maslanka, S. and Sobel, J. (2005). Adult 
botulism type in the United States, Journal 65(11): 1694-1700. 
Haroun, B. O. (1989). Prevalence and properties of Clostridium perfringens in 
camels (Camelus dromedarius). M. Sc. Thesis, 67-68. University of 
Khartoum. 
Harvey, S. M., Sturgeon, J. and Dasse, D. E. (2002). Botulism due to 
Clostridium baratii type F toxin. J. Clin. Microbiol, 40(6): 2260-2262. 
Henry, J. B. (1969). Anaerobic Infections. Post graduate medicine, 45, 65-69. 
Hirsh, D. C., Maclachlan, N. J. and Walker,R. L. (2004). Veterinary 
Microbiology. 2nd ed. 198- 200.  Blackwell publishing. 
Hobbs, B. C., Smith, M. E., Oakley, C. L., Warrack, G. H. and Cruickshank, J. 
C. (1953). Clostridium welchii Food Poisoning. Ζ. Hyg.,Camb., 51, 75.  
Holdeman, L. V. and Moore, W. E. C. (1972). Eds. Anaerobe Laboratory 
Manual. Blacksburg, Virginia: Anaerobe Laboratory, Virginia 
Polytechnic Institute and State University.  
Jones, D. T. and Woods D. R. (1986). Acetone – butanol fermentation revisited. 
Microbiol. Rev. 50: 481-524. 
Kaper, J. B. and Hacker, J. (1999). Pathogenicity Islands and Other Mobile 
Virulence Elements. p. 246. ASM Press. 
Klein, E. (1895). Ueber Einen Pathogen Anaeroben Darmbacillus, Bacillus 
enteritidis Sporogenes. Zentbl. Bakt. Parasit. Kde Abt 1, Orig., 18, 737. 
  
‐ 48 ‐ 
 
Krieg, N. R. and Holt, G. (1986). Bergy’s Manual of Systematic Bacteriology. 
Vol. 2. Baltimore – London. 
Monica, C. (2000). District Laboratory Practice in Tropical Countries. 1st ed. 
Part II. Cambridge University Press. 
Nakamura, S., Shimamura, T., Hayase, M. and Nishida, S. (1973). Numerical 
Taxonomy of Saccharolytic Clostridia Particularly Clostridium 
perfringens- Like Strains. I. Description of C. absonum species and C. 
paraperfringens. Int. J. Syst. Bact., 23: 419-429. 
Narayan, K.G. (1982). Food borne infection with Clostridium perfringens type 
A. Int. J. Zoon., 9 : 12-32. 
Nimcevic, D. and Gapes, J. R. (2000). The Acetone – butanol fermentation in 
pilot plant and pre-industrial scale. J. Molec. Microbiol. Biotechnol. 2: 
15- 20.   
Nimcevic, D., Schuster, M. and Gapes, J. R. (1998). Solvent Production by 
Clostridium perfringens NRRL. B 592 grooving in different potato 
media. APPI. Microbiol. Biotechnol. 50: 426- 428. 
Quinn, P. J., Rosenthal, K. S., Markey, B. K., Cater, M. E., Donnelly, W. D. C. 
Leonard, F. C. and Maghire, D. (2002). Clostridium Species in 
Veterinary Microbiology and Microbial Disease. 84- 96. Blackwell 
Science. Oxford.  
Rao, G. and Mutharasan, R. (1986). Alcohol production by Clostridium 
acetobutylicum induced by methyl viologen. Biotechnol. Lett. 8: 893- 
896.   
  
‐ 49 ‐ 
 
Rood, J. I., Clane, B. A. Mc., Songer, J. G. and Titball, R. B. (1997). The 
Clostridia (Molecular Biology and Pathogenesis). p. 228.  Academic 
Press, London and California. 
Salle, A. J. (2007). Fundamental Principles of Bacteriology. 2nd ed. Read 
Country Books. 
Samaranayake, L. P. (2006). Essential Microbiology for Dentistry. 3rd ed. 
Elsevier limited.  
Samia, K. O. (2003). Physical Properties of Clostridium perfringens Isolated 
from Fresh and Processed Meat. M. Sc. thesis, 75-77, University of 
Khartoum. 
Schlegel, H. G. (1995). General Microbiology. 7th ed. Cambridge University 
Press. 
Shapton, D. A. and Board R. G. (1975). Isolation of Anaerobes. 2nd ed. 1-2.  
Academic Press. London and New York. 
Simonds, J. P. (1915). Studies in Bacillus welchii with Special Reference to 
Classification and to Its Relation to Diarrhoea. Monograph of  
Rockefeller Institute for Medical Research, No. 5.  
Sipple, W. L. (1972). Diagnosis of Clostridial Diseases. JAVMA, 161:1299-
1305. 
Smart, J. L., Roberts, T. A., Stringer, M. F. and Shab, N. (1979). The incidence 
and serotyping of Clostridium perfringens in beef, pork and Lamb 
Carcasses. J. Appl. Bact., 46 : 377-383.  
Smith, L. D. S. and Holdman, L. V. (1968). The Pathogenic Anaerobic Bacteria. 
Charles, C. Thomas, Springfield III. 
  
‐ 50 ‐ 
 
Steel, K. J. and Fisher, P. J. (1961). A fallacy of nitrate reduction test. Mon. 
Bull. Minist. Hlth. Lab. Serv. 20, 63. 
Sterne, M. and Batty, I. (1975). Pathogenic Clostridia. 1st  ed. Bullterworth. 
London and Boston. 
Stewart, F. S. and Beswick, T. S. L. (1977). Bacteriology, Virology and 
Immunity. 10th ed. 287, 292.  Bailliere Tindall. London. 
Sutton, R. G. A. (1966). Enumeration of Clostridium welchii in the faeces of                   
varying sections of the human population. Ζ. Hyg., Camb., 64, 367. 
Veillon, A. and Zuber, A. (1897). Cited by Abdel Salam, I. S. (1986). 
Welch, W. H. and Nuttal, G. (1892). Cited by El Sanousi, S. M. (1975). The 
Oxidation-Reduction Potential and the Growth of Clostridium 
perfringens  p. 2  Ph. D. Thesis, University of  Bristol. 
Willis, A. T. (1962). Lab. Pract., 11, 526.  
Willis, A. T. and Hobbs, G. (1959). Some New Media for the Isolation and 
Identification of Clostridia. J Pathol Bacteriol. 77(2): 511–521. 
